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the intracellular signaling that leads to cartilage destruction is mediated by
a cluster of catabolic pathways including mitogen-activated protein
kinases (MAPKs), the effect of CB12-II on MAPK pathways remains unclear.
Hyaluronan (HA) of high molecular weight is widely used in the treatment
of osteoarthritis (OA) by intra-articular injection. An increasing body of
evidence indicates that HA suppresses catabolic actions by proin-
ﬂammatory cytokine like interleukin-1. However, little is known of HA
effect on actions of CB12-II through interaction with HA receptor such as
intercellular adhesion molecule-1 (ICAM-1).
Purpose: This study was aimed to examine activation of p38 MAPK in
associationwith MMP-13 production by CB12-II and its inhibition by HA in
chondrocytes.
Methods: Cartilage explants harvested from OA knee joints or isolated
chondrocytes in monolayer were incubated with CB12-II or its scramble
peptide with or without pretreatment with 2700 kDa HA. In another set of
experiments, following preincubation with anti-ICAM-1 antibody or non-
speciﬁc IgG, cartilage explants were incubated with or without HA, fol-
lowed by coincubation with CB12-II or the scramble peptide.
Enzyme-linked immunosorbent assay for phosphorylated p38 and MMP-
13 was performed using total cell lysates and culture supernatants,
respectively.
Results: When cartilage explants or chondrocytes in monolayer were
incubated with CB12-II, the peptide activated p38 in association with
enhanced MMP-13 production. Inhibition studies with the speciﬁc inhib-
itor (SB203580) indicated the requirement of p38 for CB12-II-induced
MMP-13 production. Pretreatment with HA resulted in signiﬁcant
suppression of CB12-II-stimulated MMP-13 production in cartilage as well
as in chondrocyte monolayer cultures. HA suppressed p38 activation by
CB12-II, leading to a decrease in MMP-13 production. Anti-ICAM-1 anti-
body reversed HA effect on CB12-II action.
Conclusions: The present study clearly demonstrated that HA suppressed
CB12-II-activated p38 via ICAM-1 in OA articular chondrocytes. HA could
down-regulate the catabolic action of type II collagen fragments in oste-
oarthritic joints through the mechanism demonstrated in this study.
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IDENTIFICATION OF NEW ALTERNATIVE PATHWAYS AND THERAPEUTIC
TARGETS IN TNF-a-MEDIATED INFLAMMATION AND OSTEOLYSIS
INDUCED BY ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE
Z. He 1, D.J. Leong 1, R.J. Majeska 2, J.A. Hardin 1, N.J. Cobelli 1,
H.B. Sun 1. 1Albert Einstein Coll. of Med., Bronx, NY; 2 The City Coll. of New
York, New York, NY, USA
Purpose: Osteolysis is the most common cause of failure for joint
replacement surgeries. Wear debris of prosthetic implants provoke
inﬂammatory responses, leading to osteoclast differentiation, osteolysis
and ultimately, implant loosening. Debris from implants, including ultra-
high molecular weight polyethylene (UHMWPE), one of the most common
materials used in arthroplasty, induce a variety of inﬂammatory responses,
including increased secretion of pro-inﬂammatory cytokine TNF-a (Tumor
necrosis factor alpha). A large body of literature has established the critical
role of TNF-a in UHMWPE-induced inﬂammation and osteolysis,
predominantly mediated via the RANKL/NF-kB pathway. However,
extensive efforts to prevent and treat prosthetic wear-induced osteolysis
by interfering with the TNF-a-associated RANKL/NF-kB pathway has seen
limited success. This suggests the existence of alternative pathways for
TNF-a-mediated inﬂammation and osteolysis. Accordingly, in the current
studies, we explored alternative molecular pathways by which TNF-a
might mediate inﬂammation and osteolysis induced by UHMWPE.
Methods: Osteoclast differentiation induction, UHMWPE treatment and
TNF-a inhibition: Bone marrow was harvested from TNF-a knockout and
wild-type C57/BL6 mice (Jackson Laboratories) according to our IACUC-
approved protocol and cultured. Marrow cells were induced for osteoclast
differentiation by M-CSF and RANKL. After 2 days of differentiation
induction, the cells were treated with UHMWPE particles (53-75mm,
Sigma) alone or with TNF-a inhibitor Inﬂiximab (Centocor Biotech). For
some experiments, cultures were treated with NF-kB inhibitor for 72 hrs
(Santa Cruz). Cellular and molecular assays: The cells were harvested for
qPCR and Western blot to measure targeted gene expression, or subject toTRAP staining (kit from Clontech) to determine osteoclast differentiation.
Cells without UHMWPE treatment were used as controls.
Results: Exposure to UHMWPE promotes differentiation of wild-type
marrow cells to osteoclasts (increased number of TRAP-positive osteoclast-
like cells), increases expression of TNF-a, TNF-a receptor 1 (TNF-aR1), and
multiple TNF targets including Snail1 and survivin in these cells, over
control (non-UHMWPE-treated) cultures. UHMWPE exposure fails to
enhance osteoclast differentiation, or increase expression of TNF receptor
or its downstream targets in TNF-a knockout cells, conﬁrming the critical
mediating role of TNF-a in UHMWPE-induced inﬂammation and osteol-
ysis. Interestingly, TNF inhibitor-a Inﬂiximab suppresses the osteoclast
differentiation and the upregulated expression of factors induced by
UHMWPE treatment in wild type cell culture; however, the UHMWPE
upregulated expression of Snail1 and survivin appeared not affected by
NF-kB inhibition.
Conclusions: Our results, in addition to substantiating the critical role of
TNF-a in UHMWPE-induced inﬂammation and osteolysis, identiﬁed
several downstream targets of TNF-a that are activated in response to
UHMWPE but are beyond the NF-kB pathway typically implicated in
osteoclastogenesis. These TNF-a targets have been shown to serve
important and relevant functions. Snail1 is critical for inﬂammatory-
induced cell migration, and survivin is an apoptosis inhibitor. Our results,
although preliminary, provide evidence of alternative pathway/factors in
addition to NF-kB through which TNF-a mediates UHMWPE-induced
inﬂammation and osteolysis. Our results are supported by recent reports of
TNF-a’s involvement in regulation of some signaling molecules, whose
expressions are not directly regulated by NF-kB. Further elucidation of
these alternative pathways will faciliate our understanding of the osteo-
lytic process induced by UHMWPE. The identiﬁcation of new TNF-a targets
may also promote prevention and treatment of osteolysis and the conse-
quent implant loosening induced by UHMWPE.
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THE EFFECT OF HIGH MOLECULAR HYALURONIC ACID ON THE
INDUCTION OF MATRIX DEGRADATION ENZYMES BY IL-6, IL-1b AND
TNF-a
M. Mihara, M. Hashizume. Chugai Pharmaceutical Co., Ltd, Gotemba, Japan
Purpose: Inﬂammatory cytokines, such as IL-6, IL-1b and TNF-a play role
of cartilage degeneration in rheumatoid arthritis and osteoarthritis. Intra-
articular injection of hyaluronate is now widely used in the treatment of
osteoarthritis. The main mechanism of HA for the prevention of cartilage
destruction and disease progression is thought to be an action in main-
taining the viscoelastic properties of synovial ﬂuid. In addition to this, we
and others have reported that HA down-regulated the expressions of
cartilage matrix degrading enzymes. In this study, we investigate the
inhibitory mechanism of high molecular weight hyaluronic acid (HA) on
the production of matrix metallopoteinases-3 (MMP-3) and a disintegrin
and metalloproteinase with thrombospondin motifs-4 (ADAMTS-4)
induced by IL-6, IL-1b and TNF-a in human articular chondrocytes.
Methods: Human articular chondrocytes were cultured with IL-6+soluble
IL-6 receptor (sIL-6R), IL-1b or TNF-a in the presence or absence of HA or
extracellular signal-regulated kinase (ERK) inhibitor for 24 h. Moreover,
chondrocyteswere culturedwith cytokineandHA in thepresenceorabsence
of mitogen-activated protein kinase phosphatase (MKP-1) inhibitor for 24 h.
After culture, MMP-3 and ADAMTS-4 mRNA expressions were measured by
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S135real-time PCR. The phosphorylation of ERK was measured by ELISA. MKP-1
expression was measured by real-time PCR and western blotting.
Results: IL-6+sIL-6R, IL-1b and TNF-a inducedMMP-3 andADAMTS-4mRNA
in human articular chondrocytes in a concentration-dependent manner.
Moreover, all three cytokinespromoted thephosphorylation of ERK,whereas
the total amount of ERK did not change. Both HA and ERK inhibitor
completely inhibitedMMP-3 andADAMTS-4mRNA inductionby IL-6+sIL-6R
or IL-1b, but both did not inhibit MMP-3 and ADAMTS-4mRNA induction by
TNF-a. Both HA and ERK inhibitor completely suppressed the phosphoryla-
tion of ERK induced by all cytokines in human articular chondrocytes.
To further analyze the inhibitory action of HA on ERK signal pathways
induced by IL-6+sIL-6R and IL-1b, we tested whether HA could induce
MKP-1, a negative regulator of ERK. HA treatment induced the expression
of MKP-1 mRNA and its protein in human articular chondrocytes.
To determine the involvement of MKP-1 in HA-induced suppression of
MMP-3 and ADAMTS-4 expressions induced by IL-6+sIL-6R and IL-1b, we
examined whether MKP-1 inhibitor could block the effect of HA. MKP-1
inhibitor clearly reversed the suppressive effect of HA on MMP-3 and
ADAMTS-4 expressions induced by IL-6+sIL-6R and IL-1b.
Conclusions: Our study clearly demonstrates that ERK involves in the
induction of MMP-3 and ADAMTS-4 by IL-6+sIL-6R and IL-1b, but not by
TNF-a. HA suppresses the induction of MMP-3 and ADAMTS-4 via the
induction of MKP-1, a negative regulator of ERK.
Chondrocyte biology & biochemistry
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RECOMBINANT HUMAN FIBROBLAST GROWTH FACTOR-18 (RHFG18)
PROMOTES BOVINE ARTICULAR CHONDROCYTE PROLIFERATION AND
CARTILAGE MATRIX PRODUCTION IN VITRO.
A. Gigout, D. Werkmann, S. Lindemann, K. Kleinschmidt,
H. Guehring. Merck-Serono, Darmstadt, GERMANY
Purpose: An important goal in the treatment of patients with osteoar-
thritis and cartilage injury is to restore the articular surface of degraded or
injured cartilage. Regeneration could be achieved by anabolic compounds
stimulating extracellular matrix (ECM) molecule production and recellu-
larization, thereby compensating for the matrix and cell loss occurring in
OA cartilage. The present work sought to evaluate the ability of recombi-
nant human ﬁbroblast growth factor-18 (rhFGF18) to exhibit such prop-
erties in various in vitro and ex vivo systems.
Methods: Primary bovine articular chondrocytes were tested for expres-
sion of ﬁbroblast growth factor receptor 3 (FGFR3, the main receptor for
rhFGF18 signaling in cartilage) at the mRNA and protein level by quanti-
tative polymerase chain reaction (qPCR) and Western Blot, respectively. A
dose-response curve (0.1-10 000 ng/mL rhFGF18) was realized in mono-
layer to determine the best dosage. Next, 3D cultures with 10 and 100 ng/
mL rhFGF18 were performed with rhFGF18 applied for 4 weeks (4w), or for
1 week followed by 3 weeks without rhFGF18 (1w). Cell proliferation was
evaluated in monolayer using a cell counter. ECM production and the
chondrocytic phenotype were investigated for both monolayer and 3D
cultures by qPCR for collagen I, II, X, aggrecan and Sox9. Glycosamino-
glycan (GAG) content of the 3D constructs was also evaluated with the
dimethylmethylene blue assay after proteinase K digestion. Finally, the
impact of rhFGF18 (100 ng/mL) on proliferation in bovine cartilage
explants was assessed. For this purpose, cell counting using automated
image analysis was done after 41 days of culture with/without rhFGF18. In
a second trial, cell proliferation was quantiﬁed using proliferating cell
nuclear antigen (PCNA) staining in histological sections in bovine cartilage
explants after 0, 2, 4, 6 weeks' rhFGF18 administration.
Results: At both the protein and mRNA levels, primary bovine articular
chondrocytes expressed FGFR3. In monolayer cell culture they responded
to rhFGF18 with a dose-dependent increase in proliferation (1.9 fold at 10
ng/mL) and a dose-dependent decrease of collagen type I expression (64
fold at 100 ng/mL). In 3D culture (see Figure), short exposure to rhFGF18
100 ng/mL (1w) triggered GAG production (1.5 fold) and collagen type II
expression (3.2 fold), while collagen type I expression was decreased (2.3
fold). Chondrocyte proliferation was also stimulated in bovine cartilage
explants by 100 ng/mL rhFGF18, demonstrating its ability to reach the cells
in cartilage. The maximum effect of rhFGF18 on explants was observedafter 4 weeks in culture (11.25% PCNA positive cells with rhFGF18 treat-
ment compared to 4.88% PCNA positive cells without rhFGF18).Figure: GAG content and collagen (Col.) types I and II gene expression in 3D
constructs cultured in absence (CTR, control) or presence of rhFGF18 (100
ng/mL) over a 4-week culture period (4w) or for the ﬁrst week (1w) only.
Conclusions: Taken together these results suggest that rhFGF18 can efﬁ-
ciently penetrate cartilage, and stimulate chondrocyte proliferation and
cartilage ECM production. This is consistent with previous in vitro studies
and further strengthens the rationale for the current clinical investigation
of rhFGF18 as an anabolic disease modifying osteoarthritis drug (DMOAD).261
A UNIQUE TOOL TO SELECTIVELY DETECT THE CHONDROGENIC IIB
FORM OF HUMAN PROCOLLAGEN II PROTEIN.
E. Aubert-Foucher 1, M. Pasdeloup 1, N. Mayer 1, A. Pagnon 2,
D. Hartmann 3, F. Mallein-Gerin 1. 1Université Lyon 1, Univ Lyon, CNRS,
FRE 3310 - Dysfonctionnement de l'Homéostasie Tissulaire et Ingénierie
Thérapeutique, IBCP, F69367 Lyon, France; 2Novotec, 13-15 rue Jacques
Monod, F69007 Lyon, France; 3UCBL 1/ISPB, Faculté de Pharmacie, UMR
CNRS 5510/MATEIS, Equipe I2B -"Interactions Biologiques et Biomatériaux",
8 avenue Rockefeller, F69373 Lyon, Cedex 08, France
Purpose: Type II collagen, the major ﬁbrillar collagen of cartilage, is
synthesized in precursor forms (procollagens) containing NH2- and COOH-
terminal propeptides. Three splice variants are thought to be translated to
produce procollagen II isoforms (IIA/IID and IIB) that differ in their ami-
nopropeptide parts. The IIA and IID are transient embryonic isoforms
which include an additional cysteine rich domain implicated in the regu-
lation of TGF-b superfamily signalling. The IIA and IID transcripts are co-
expressed during chondrogenesis then decline and the IIB isoform is the
only one expressed and synthesized in mature fully differentiated chon-
drocytes. Besides, procollagen IIA can be re-expressed by dedifferentiating
chondrocytes and in osteoarthritic cartilage. Therefore, it is an important
point to determine which isoform(s) is (are) synthesized in vivo in normal
and pathological situations and in vitro, to complete the phenotypic
characterization of collagen II protein producing cells. Antibodies directed
against the cysteine rich extradomain of procollagen IIA are already
available and our goal in this study was to obtain and validate for the ﬁrst
time antibodies detecting only the chondrogenic IIB form of procollagen II.
Methods:Wedesigned a triple peptide anti-peptide strategy to produce, to
titer by ELISA and to afﬁnity-purify rabbit polyclonal antibodies to human
procollagen IIB. Human knee chondrocytes and the Saos-2 human osteo-
blastic cell line were cultured in various conditions to prepare cell extracts
and media for the analysis of ﬁbrillar procollagens synthesized and
recognized by our antibodies to procollagen IIB by Western-blotting (WB).
Results: The antibodies to procollagen IIB (now referred to as anti-pNIIB52
antibodies) show a strong reactivity in WB with procollagen II and with
pN-collagen IIB (the form lacking the COOH-terminal propeptide but still
containing the NH2-terminal one) when compared to antibodies directed
against the triple-helical part of type II collagen. These forms are the only
bands revealed in the cell layer of chondrocytes cultured for 36 hours after
